The coordination of metal ions with flavonoids is applied to improve its pharmacological properties. To evaluate the role of ions on diosmin new complexes with Fe(II), Cu(II) and Co(II) ions were synthetized and characterized by UV, FT-IR and XRD techniques and surface morphology by SEM. The biological activity of coordination complexes in vitro, the antioxidant (ABTS), antibacterial (disc diffusion and MIC) and antitumoral activities (MTT) were analyzed. Diosmin when reacting with Fe(II) at 50ºC loses the sugar molecule becoming diosmetin (D) coordinated at 1D:1Fe ratio. In presence of Cu(II) and Co(II) at the same conditions besides losing the sugar, diosmin loses the methyl group at C4' and H at C3', producing a new ligand and complexes at 1D:2Cu or Co ratio, to produce DCu and DCo, respectively. The coordination of Cu and Fe improve the antioxidant activity of diosmin. DCo was the only presented antibacterial activity. Additionally, a specific antitumor effect of diosmin and metal complexes upon human leukemia cells was demonstrated, suggesting an immune regulatory action. The antimelanoma activity of DCo is 10 times better than diosmin. Metal coordination could be used to improve drug activity and to give direction to a new possibility of clinical use for diosmin.
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). The study of diosmin, rutin and tangeritin activity against melanoma pulmonary B16F10 cells in vivo shows that diosmin presents better activity when compared with the other flavonoids, showing a reduction in the number of metastatic nodules (9.09%), implantation percentage (26.8%), and invasion index (32.28%) compared with the control (Conesa et al., 2005) . Others studies observed an anti-proliferative action of diosmin in tumors such as those in the esophagus (Tanaka et al., 1997) , colon (Tanaka et al., 1997b) , oral (Tanaka et al., 1997c) and bladder (Yang et al. 1997) , which were not similar among tumor tissue type and cell lines (Xie, Yuan, Yang, Wang, & Wu, 2009; Naso et al., 2016) . Some authors suggest the antitumor mechanism of diosmin action could be associated with its capacity of diminished vein distensibility at a microcirculation level that may control angiogenesis (Lyseng-Williamson & Perry, 2003) . The endothelial regulation effect of diosmin has been established by its clinical use (Daflon ® ) to treat chronic venous insufficiency in legs, hemorrhoids and varices (Jean & Bodinier, 1994) . Although diosmin showed low cytotoxic activity against some kinds of cancer cells, these data raised the possibility of using diosmin-based anticancer therapy as an alternative treatment for specific types of tumors.
It was already known metal ions have an important role in biological systems. Further, they also exhibited and potentiated the efficacy of antibacterial, antiparasitic and antitumoral drugs (Fernández et al., 2015; Alcantara, Lozano, Velosa, dos Santos, & Pereira, 2015; Rogolino et al., 2017; Khosravi & Mansouri-Torshizi, 2018) . Studies demonstrated flavonoid metal coordination has significantly improved the pharmacological properties of this class of compounds (Gopalakrishnan, Pillai, & Subramanian, 2015; Naso et al., 2016) . Our group has, in the last ten years, studied the effect of Zn (II) and Cu(II) ions on the pharmacological properties of flavonoids. Results demonstrated that complexes of rutin with zinc(II) showed higher antioxidant activity and antitumoral activities, as well as less toxicity in vivo (BALB/c mice) compared with free rutin (Ikeda, Novak, Maria, Velosa, & Pereira, 2015) . Also, rutin complexed with copper(II) produced an anti-inflammatory effect in mice by increasing the antioxidant activity and inhibition of iNOS and COX-2 gene expression (Miyashiro et al., 2014) . Naringin with copper(II), when the ion coordinated via positions 4 and 5 of the flavonoid, showed higher antioxidant, antiinflammatory and tumor cell cytotoxicity activities than free naringin without reducing cell viability (Pereira et al., 2007) . Others authors also demonstrated diosmin zinc complex improved insulin sensitivity in a model of type 2 diabetes Mellitus induced in rats (Gopalakrishnan, Pillai, & Subramanian, 2015) To evaluate the role of ions on diosmin pharmacological properties, in the present study we described the synthesis of new complexes of diosmin with Fe(II), Cu(II) and Co(II) ions, followed by their characterization by FT-IR, UV, XRD, SEM, conductivity and elementary analysis. We also determined the stability of the complexes at different pH levels, and investigated their antioxidant, antibacterial and antitumoral properties in vitro in an attempt to find new possibilities for the clinical use of new complexes.
Material and Methods

Materials
The inorganic salts [Cu(CH 3 COO) 2 ]·H 2 O, [Fe(SO 4 )]·7H 2 O and [Co(CH 3 COO) 2 ]·H 2 O and the compound diosmin were purchase with P.A. grade, purchased from Aldrich. Methanol (analytical and HPLC grade) and DMSO were purchased from Merck, while Trolox ((R)-(+)-6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) was from Aldrich, ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid diammonium salt) was from Fluka, and manganese dioxide, sodium phosphate monobasic monohydrate, and sodium phosphate dibasic heptahydrate were purchased from Sigma-Aldrich.
Analytical Instruments
Melting points were determined using QUIMIS Melting Point Equipment. Infrared (IR) spectra were recorded in the solid state by diffusion reflectance, in the range 4000-400cm -1 , using a Nicolet FT-IR Nexus spectrometer. Ultraviolet/visible (UV/Vis) spectra were recorded in a water solution, from 200 to 500nm, using a Femto 800-XI spectrophotometer in concentrations of 2.9µM (DCu), 8.4µM (DFe), 8.7µM (DCo) and 11.5µM (diosmin). Analysis with scanning electron micrographs (SEM) was performed with a (Supra 35-VP, Carl Zeiss, Germany). The samples were evenly distributed on SEM specimen stubs with double adhesive tape. The micrographs were obtained with an accelerating potential of 2 kV. Monochromatic Cu Ka radiation (wavelength =1.54056 A˚) was produced by Rigaku-DMax/2500PC, Japan. The powdery samples were packed tightly in a rectangular aluminum cell prior to exposure to the X-ray beam. The scanning regions of the diffraction angle, 2θ, were 5 -70° and radiation was detected with a proportional detector. We measured pH using a DIGMED with a thermostated glass cell.
General Procedure for the Synthesis of Complexes
Added 126mg (0.21mmol) of diosmin in 20mL of dimethylformamid (DMF). Four equimolar quantities of each salt solution were solubilized in 10mL of DMF and dropwise added in diosmin solution, according to Pereira et al. (2007) , with modifications. The mixture was left under stirring at 50ºC for 5 days, until the compound precipitate. The solid was filtered in a vacuum system, washed with methanol, and dried at room temperature. The complexes DCo and DFe were solubilized in hot methanol and afterward recrystallized, while DCu was solubilized in hot water before recrystallization. 
pH Stability Study of Complexes
Complex stability measurements were carried out in a methanol/PBS solution (40:20) mixture at different pH levels (pH= 3, 5, 7 and 8). The ion dissociation was demonstrated by a band shift in the spectra obtained by a UV spectrophotometer. All experiments were performed at 25ºC.
ABTS Antioxidant Capacity Assay
The antioxidant activity of diosmin was evaluated by ABTS methodology according to Re et al. (1999) and Arts et al. (2004) . Briefly, an aqueous ABTS 2-2mM stock solution was prepared in deionized water (18 MΩ cm) and diluted in 20mM phosphate buffer (pH 7.4) to a final 100µM concentration. Aliquots of the diluted solution (5mL) were transferred to test tubes containing 0.0200g of MnO 2 and vortexed for 50s (5 repetitions, 10s each). The suspensions were centrifuged and the supernatants filtered in a 0.22µm polyvinyl difluoride (PVDF) syringe filter to remove residual manganese dioxide. Absorbance (at 734 nm) of the filtrate was adjusted to 0.90 (± 0.04), which corresponded to a final concentration of [ABTS•−] = 60µM (ε 734 = 1.5 x 104 M -1 cm -1 ).
Kinetic traces of the reaction of ABTS•− radicals with the complexes under investigation were obtained spectrophotometrically (monitoring at 734nm) using a Femto 800 XI spectrophotometer. Experiments were performed at room temperature (23ºC) by rapidly adding 2mL of ABTS •− (60µM), in ordinary 3mL cuvettes (path length = 1 cm) containing 10µL of methanolic complexes solutions, at different concentrations. To determine the amount (in concentration) of ABTS •− radicals reduced in each experiment, the absorbance value at the plateau of each trace was subtracted from the absorbance value at time zero (i.e., 074 as reference absorbance), and the result was divided by the extinction coefficient of ABTS •− (ε = 1.5 x 10 4 M -1 cm -1 ). The concentrations of reduced ABTS •− radicals were plotted against the concentrations of each compound tested in order to determine the stoichiometric factor (n) a parameter represents the number of ABTS •− radicals reduced per antioxidant molecule. For each plot, n corresponds to the slope obtained by linear regression of the data points. n values were expressed as means of duplicates ± SD.
Trolox equivalent antioxidant capacity (TEAC) values were calculated by dividing the n values of the complexes under investigation by n stoichiometric factors for trolox (n trolox =1.9), which were the same values reported by others (Arts, Dallinga, Voss, Haenen, & Bast, 2004) .
Antimicrobial Activity of Diosmin and Complex
The antibacterial activity was assayed against Staphylococcus aureus ATCC6538 (S. aureus -gram positive) and Escherichia coli ATCC9637 (E. coli -gram negative), by the standard disc diffusion method. The compounds, dissolved in dimethyl sulfoxide (10mg/mL), were used to impregnate 6 mm filter paper discs (Laborclin) with 400, 300 and 200 µg of each compound. The discs could remain at room temperature until complete diluent evaporation and placed onto the surface of Mueller-Hinton (Merck) agar plates which had been previously inoculated with each bacterium. Commercial tetracycline 30µg disc (Sensifar) was used as a control. Plates were incubated at 37ºC for 24 hours. Zone sizes were measured and recorded in millimeters. Tests were performed in duplicate.
For the determination of minimal inhibitory concentration (MIC), cells (10 6 CFU/ml) were inoculated into Mueller Hinton (MH) broth and dispensed at 200 µL/well in 96-well microliter plates. MICs were determined by dilution of the test compound in MH broth. The bacterial broth was incubated for 18 h at 37ºC and inhibition of bacterial growth was examined visually. Bacterial growth in each well was assayed by absorption at 620 nm using a spectrophotometer LT4000 microplate reader (LABTECH). The percentage of growth in each well was calculated as the optical density (OD) of each well divided by the OD of the drug-free well after subtracting the background OD obtained from microorganism-free microliter plates. For the tested compounds, MIC was defined as the lowest concentration of antibacterial, which resulted in ≥90% inhibition of growth compared with that of the drug-free control. MIC determination against Staphylococcus aureus (ATCC6538) and Escherichia coli (ATCC9637).
Antitumoral Effect of Diosmin and Complexes
Cell Culture
Human Leukemia (Jurkat -code: 0125), murine melanoma (B16F10 -code: 0046), human lymphoma (Rajicode: 0211) and human breast (MCF-7-code: 0162) tumor cell lines from cell collections -Rio de Janeiro (BCRJ). All lineages were cultivated in an RPMI 1640 medium supplemented with sodium bicarbonate 2g/L ("LCG Biotecnologia"), streptomycin 100µg/mL, penicillin 100UI/mL and 10% of fetal bovine serum. Cells were maintained at 37ºC and 5% of CO 2 . Peripheral blood mononuclear cells (PBMC) were isolated from one healthy donor, by ficollpaqueTM PLUS (GE) gradient after centrifugation. The mononuclear ring was cultured with RPMI medium as described above.
MTT -Cell Viability Assay
MTT (thiazolyl blue tetrazolium bromide -Sigma-Aldrich) was used to measure cell viability (Mosmann, 1983) . Cells were seeded onto 96-well plates at a density of 1x10 4 cells/well (MCF-7 and B16F10) and 1x10 5 cells/well (Jurkat and PBMC), and incubated (37ºC, 5% CO 2 ) overnight. Then complexes dissolved in DMSO were added and the plates were incubated for 24h. The final concentration of diosmin and DCu, DCo and DFe were from 40 to 800µM. After 24h, the medium was replaced with a fresh medium (200µL) containing MTT (0.5mg/mL). The cells were then incubated for 4h, the supernatant was collected, DMSO (200µL) was added, shaking for 5 min until the crystals were fully dissolved. Absorbance was measured at 540 nm using a microplate reader (Labtech LT-4000 MS) and directly correlates with the number of viable cells in the culture. Results were expressed as IC50 and means the concentration of an inhibitor where half reduced cell viability. All tests were made in triplicate.
Results and Discission
Synthesis and Characterization and Complexes Stability at Various pH Values
The diosmin complexes DCu, DCo and DFe were synthesized by a molar ratio of 1/4 of diosmin/metal salt. The complexes were characterized by UV, FTIR, XRD, SEM, conductivity and elemental analysis. All melting points were higher than 300ºC and therefore could not be determined. The molar conductance values of all complexes obtained in DMF at 25ºC and analytical data are given in Table 1 . The result indicated the complexes are ionic, with conductivity higher than 54 ohm -1 cm 2 mol -1 (Abd El-Wahaba, Mashalyb, Salmana, El-Shetaryb, Faheima, 2004) . The complexes showed different morphology and color when compared with diosmin ( Figure 1) . The electronic spectra of diosmin exhibit two intensive absorption bands originated from π-π* transitions; the band at 342nm (Band I) is due to the electronic transitions on cinnamoyl system (B ring) and the band at 262nm (band II) assigned to electronic transitions on benzoyl system (A ring) (Qi, Jiang, Cui, Zhao, & Liu, 2015) . UV-Vis data for ligand and complexes are presented in Table 2 . Comparing the UV spectra of diosmin with the new compounds, a shift of the two characteristic bands were observed. Bathochromic shifts from 262 nm to 281 and to 268nm were observed for DCu and DCo, respectively. A hypsochromic shift to 253nm was observed for DFe and hypsochromic shift at 342nm of diosmin was observed for the three complexes, Table 2 . These effects could be associated with the interaction of the metal itself, which decreased the ring conjugation, and consequently, the electronic density over B and C rings (Qi, Jiang, Cui, Zhao, & Liu, 2015) . The study of DCu, DCo and DFe stability in different pH ranges (3.0 to 8.0) was monitored spectrophotometrically. The UV spectra were done in a methanol/PBS (40:20) solution at 25ºC (Figure 3 ). In this experiment, no change in the absorption maxima were observed. This shows changes in the pH of the solution do not lead to the dissociation of the metal from the flavone for all complexes.
IR spectra of the ligand and the complexes bring evidences of coordination of metal ions. The spectra signal of complexes DCu, DCo and DFe are very broad indicating the presence of metal ions (see supplementary material) and showed significant shift of principal bands (Table 3 ). The  C=O shifted to lower frequencies, approximately 30 cm -1 , indicating coordination of metal ions at positions 4 and 5 of C ring. Usually the most acidic hydroxyl group in a flavonoid molecule is at positions 3 or 5. The hydroxyl at position 5 is the most acid, so it is the best site for the coordination of metal ions (Gopalakrishnan & Pillai, 2015) . A significant shift is also observed for  C=C of C2=C3 bond (1610cm -1 ). However, for the band of C-O-C stretching model, only a small shift was observed for all complexes, indicating that this group did not participate of the coordination with the metals. A very broad band between 1100 and 1000cm -1 characteristic of SO 4 -2 ion presence was also observed to DFe (Table  3) . To acetate ion the signals in the IR analysis are observed as three principal bands:  C-H ( 3320cm -1 ),  C=O (1600cm -1 ) and  C-C ( 1500cm -1 ). However, in the complexes DCu and DCo the acetate signals could not be observed separately from ligand signals because the molecule contains the same kind of bond (C=O, C-H, C-C). However, because of low solubility in DMSO or others organic solvents and the paramagnetic characteristics due unpaired electrons of Fe(III), Co(II) and Cu(II) octahedral complexes configurations (d 5 , d 7 and d 9 ), respectively, the NMR signals were very broad, and no reliable date could be obtained from these spectra.
The powder X-ray diffraction patterns of diosmin, DCu, DCo and DFe complex are shown in Figure 4 . The powder diffraction pattern of diosmin displayed sharp crystalline peaks, characteristic of a crystalline organic molecule (Rice-Evans, Miller, & Paganga, 1996) . The DCu, DCo and DFe complexes showed amorphous property lacking crystalline peaks compared with Diosmin. This suggests the new ligands in the DCu, DCo and DFe complexes were molecularly dispersed (Rice-Evans, Miller, & Paganga, 1996; Wang, Cao, Sun, & Wang, 2011) .
The coordination of the diosmin derivative, [diosmetin] − or (C 16 H 12 O 6 ) − and (C 15 H 6 O 6 ) 2− , to metal ions could be confirmed by XRD and SEM. The XRD and showed very amorphous material while the diosmin is a crystalline material. The microscopy of the complexes presented lamellar structures in plates and diosmin occurs as irregular crystal. Altogether our results showed DFe coordinated in a ratio of one [diosmetin] − to one ion Fe +3 , with molecular formula C 16 H 12 O 6 Fe plus two molecules of water and SO 4 2− ion. The coordination probably occurs at the C4-C5 position, more acid site of coordination ( Figure 2) . Elemental analysis suggests a ratio of one ligand to two metal ions for DCu and DCo. However, in these cases, diosmetin loses the methyl group at C4' position and deprotonates at C3' position ( Figure 2) . 
ABTS Antioxidant Capacity Assay
The antioxidant effect of diosmin complexes demonstrated that in comparison with diosmin alone (TEAC diosmin = 1.3), only DCu had higher antioxidant capacity (TEACDCu = 1.5), this complex presented only 2.5 times less antioxidant activity than quercetin, which is one of the best antioxidant flavonoids (Korbanjhon & Chungang, 2013) . These results showed the coordination with Cu(II) lead to an increase activity of diosmin, like other coordinated flavonoids (Pereira et al., 2007; Gopalakrishnan, Pillai, & Subramanian, 2015) , probably because of the metal capacity to stabilize oxidized ligands, and the metal ion plays the role of an additional radical scavenging center. On the other hand, the activity of DCo was similar to observed for diosmin alone, demonstrating that in this case, the coordination did not improve the antioxidant properties of diosmin (Table 4 ). 
Antibacterial Activity of Diosmin and Complexes
The antibacterial activity of DCo, DCu and DFe were evaluated against E. coli and S. aureus was detected. DCo was the only complex inhibited the growth of bacterial strains tested ( Table 5 ). The minimum inhibitory concentration (MIC) of DCo against S. aureus and E. coli strains was determined and the analysis proved a bacteriostatic effect with a MIC value of 388µM and 274µM for S.aureus and for E. coli, respectively (Table 5 ). 
MIC of DCo 388µM 274µM
According to other authors, metal ions could interact with biological ligands such as protein, enzyme and membrane, and could be used as anti-microbial agents, including multi-drug resistant bacteria (Chan et al., 2013) . For example, cobalt nanoparticules significantly induced cell death with the generation of reactive oxygen species and the release of TNF-alpha (Chattopadhyay et al., 2015) . The quinolone, sparfloxacin, when complexed with cobalt, shows better activity than free quinolone against X. campestris but not against E. coli, S. aureus and B. subtilis (Kouris, Kalogiannis, Perdih, Turel, & Psomas, 2016) .
Studies demonstrated a relationship between structure of flavonols substitution and antibacterial activity. Hydroxyl substitution at C4' position increase antibacterial activity, while substitution at C3' or C5' decrease the activity, showing that the position of the substituent group on ship of the flavonoid could determinate molecule activity (Wu, Zang, He, Pan, & Xu, 2013; Kouris, Kalogiannis, Perdih, Turel, & Psomas, 2016) . Diosmetin is a flavone with 3'-OH and 5'-OH and show a MIC against S. aureus strains of > 426.3µM (Chan et al., 2013) . Here, when diosmetin was coordinated with cobalt through C3-C4 position the new compound exhibited better antibacterial activity (Table 5) .
Antitumoral Effect of Diosmin and Complexes
This study revealed diosmin and metal complexes had an antitumoral activity on human leukemia and lymphoma cells from Jurkat and Raji lines, suggesting an immune regulatory action of diosmin, not yet investigated (Table  6 ). It was shown diosmin alone was approximately 1.2 times more toxic to tumor cells than normal lymphocytes, demonstrating a tumor specificity effect, which was potentiated by diosmin on complexation with iron Fe(III) (11.2 times for leukemia and 3.3 for lymphoma cells) (Table 6 ). On the other hand, results showed that diosmin alone had a low cytotoxicity to murine melanoma and breast tumor cell lines in vitro, showing a tumor cell type specific to diosmin cytotoxicity, as already suggested by others (Lewinska, Siwak, Rzeszutek, & Wnuk, 2013) . Regarding the overall analysis of metal coordination, it was demonstrated that DCu presented significantly higher activity (5.9, 1.3 and 4.7 times more) when compared with diosmin alone, against all tested tumor cell lines B16F10, Jurkat and MCF-7. The two great differences between diosmin alone and complexes were demonstrated by the DFe treatment, which was less toxic against normal lymphocytes (PBMC) when compared to tumoral lymphocyte, showing a promising low toxicity compound to treat hematological malignances (Table 6 ). Additionally, diosmin alone and DCo have potentiated the anti-murine melanoma activity 10 times, showing that ion coordination could be used to improve drug activity (Table 6 ). Interestingly, DCo was the only compound that exhibited, significantly, no specific activity against Gram positive and negative bacteria. These results show that the coordination of diosmin with metal ions improved antitumoral and antibacterial activity of this important flavonoid. The copper, cobalt and nickel acetate and iron sulfate salts did not present anti tumoral activity against B16F10, SK-mel, MCF-7, Jukart or Raji cells lines.
Conclusions
The synthesis and interaction of metal ions with new ligands, diosmetin and (C 15 H 7 O 6 ) 2− , were suggested by the shift of IR bands and elementary analysis. DFe, DCo and DCu were formed via non-covalent bonds in the complex molecularly dispersed, as showed by XRD and SEM analysis. The interaction of metal ions leads to an increase of diosmin antioxidant and antitumoral activities. Moreover, DCo was the only complex that presented a significantly bacteriostatic activity against E. coli and S. aureus strain. The anti-melanoma activity of DCo is 10 times higher than diosmin. Metal coordination could be used to improve drug activity and to give direction to a new possibility of clinical use for diosmin.
